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FIG. 3
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FIG. 10
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BONE PLATE SYSTEM

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

This application claims priority to United States Provi-
sional Application Ser. No. 60/445,005, filed Feb. 5, 2003,
and entitled “Bone Plate System,”

FIELD OF THE INVENTION

The mvention relates to systems for securing bones and, in
particular, to a bone plate system, for securing bones to aid in
fusion of bones.

BACKGROUND OF THE INVENTION

A number of procedures and systems are used currently for
securing bones. One example 1s the use of a bone plate being
secured to a plurality of bones to prevent generally the relative
movement of the bones enabling the bones to fuse or heal.
Bone plate systems are placed across the joint or fracture site
of bones or site of desired bone fusion. As used herein, the
term “bone” 1s used to designate a bone 1n 1ts entirety, such as
a spinal vertebra, as well as a bone fragment.

A number of considerations are involved i the design and
use ol bone plate systems. For instance, bone plates are
implanted in a living tissue environment during a surgical
procedure. It 1s important that no portion of unsecured, for-
cign material, such as a component of the bone plate system,
may be left 1n the tissue environment post-procedure. Often
being relatively small and including component parts, many
current bone plates systems are problematic because they
cannot be simply handled or manipulated by a surgeon or
technician, and because their small components may be
dropped 1nto the open-tissue environment and must then be
retrieved.

Current bone plates are difficult to place i the desired
location because they do not enable the surgeon the ability to
simultaneously view the fusion site with the plate in position
before securing the plate. This shortcoming 1s compounded
because the tissue environment 1s difficult to view and pre-
sents limiting access to the seam or fusion site.

In many bone plate system applications, it 1s relatively
difficult to secure tightly the bones relative to one another for
fusion. As an example, when spinal vertebrae are secured for
fusion, bone grait 1s placed between the vertebral sections. A
bone plate 1s then secured with screws across the fusion site to
secure the vertebrae along the spinal axis. It can be difficult to
compress properly the vertebral sections because the surgical
procedure 1s performed while the patient 1s lying prone under
anesthesia. However, such a spinal procedure would benefit
from the compressive force of gravity. That 1s, when the
patient 1s allowed to stand erect, gravity 1s able to compress
the vertebral sections and the grait material to benefit healing.
In order to enable this, however, the bone plate must allow a
slight compression of, or shortening of the distance between,
the securing screws 1n the direction along the spinal axis.

A problem occasionally encountered in the use of bone
plate systems 1s “backing out” of the screws. Specifically, the
bone plate 1s secured with a plurality of screws driven 1nto
bones. Due to stresses upon the bones, the performance of
some simple bone plate systems has suffered from the screws
loosening from, or backing out of, the bones. The loosening
of the screws may result from the screw rotating counter-
clockwise so as to unthread itself from the bone, or from the
threads created 1n the bone being stripped or otherwise allow-
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ing the screw to recede from the bone. Loosening of the
screws Irom the bone allows the plate to move and under-
mines the ability of the plate to aid 1n bone fusion, and may
cause 1njury to surrounding tissues.

Another consideration 1s that the screws and plates are
located commonly 1n a particular orientation by the surgeon
implanting the system. For instance, the central axis of the
screw can have a particular angle relative to the plate. A
surgeon bases this angle on a number of factors to which the
performance of the system owes 1tself. When one or more
screws 1s permitted to alter 1ts desired orientation relative to
the plate, the bones tend not to be suiliciently secured relative
to each other to optimize the performance of the bone plate
system.

Therefore, 1t 1s desirable to have an improved bone plate
system that, among other things, addresses the foregoing
considerations and shortcomings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a bone plate system 1nclud-
ing features in accordance with the present invention;

FIG. 2 1s plan elevation view of the bone plate system of
FIG. 1;

FIG. 3 1s a side elevation view of the bone plate system of
FIG. 1;

FIG. 4 1s an end elevational view of the bone plate system
of FIG. 1;

FIG. 5 1s a perspective view of a screw and screw lock
collar of the bone plate system of FIG. 1;

FIG. 6 1s a perspective view of the screw lock collar of FIG.
S;

FIG. 7 1s a plan view of the screw lock collar of FIG. §;

FIG. 8 1s an end cross-sectional view of the bone plate
system taken along line 8-8 of FIG. 2 with the screw lock
collar 1n the unlocked state:

FIG. 91s aperspective view of a bone plate of the bone plate
system of FIG. 1;

FIG. 10 1s a side elevation view of the bone plate of F1G. 9;

FIG. 11 1s a plan view of the bone plate of FIG. 9;

FIG. 12 1s a perspective view of the bone plate of FIG. 9
with screw lock collars;

FIG. 13 1s a plan elevation view of the bone plate of FIG. 9
with screw lock collars;

FIG. 14 1s a side elevation view of the bone plate of FIG. 13
with screw lock collars:

FIG. 15 1s an end elevation view of the bone plate of FIG.
9 with screw lock collars;

FIG. 16 1s a plan view of another embodiment of a bone
plate including features of the present invention;

FIG. 17 1s a plan view of another embodiment of a bone
plate including features of the present invention;

FIG. 18 1s a plan view of another embodiment of a screw
lock collar including features of the present invention;

FIG. 19 1s a side elevation view of another embodiment of
a screw lock collar including features of the present invention;

FIG. 20 1s a plan view of the screw lock collar of FIG. 19;
and

FIG. 21 1s a plan cross-sectional view of the bone plate

system taken along line 21-21 of FIG. 2.

DETAILED DESCRIPTION OF THE
EMBODIMENT(S)

PR

L1
]

ERRED

Referring imitially to FIGS. 1 and 2, there 1s illustrated an
exemplary bone plate system including features in accor-
dance with the present invention. The 1llustrated bone plate
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system 1ncludes a bone plate 10 with a window and a plurality
of screw holes 32, 34, a plurality of bone screws 12, 14 and
corresponding screw locks 70. The bone plate 10 extends
between two bones or fragmented bone segments to aid in
fusion of such. The window 18 aids placement of the bone
plate 10 during the implant procedures. The screws 12, 14
secure the bone plate to the bone(s), and the screw locks 70
lock the heads of the screws 12, 14 to prevent unintentional
backing out of the screws 12, 14. One set of screw holes 32
can be elongated to enable the vertebrae to shift, such as when
caused by gravity when the patient 1s upright. This shifting 1s
referred to herein as dynamization.

More specifically, the bone plate 10 1s depicted with a
generally rectangular plate-like configuration. As can be seen
in FIG. 4, the plate 10 preferably has an arched profile about
its longitudinal axis 11. The arched profile allows the plate 10
to secure to the contours of the vertebrae.

Bone anchors, such as bone screws 12, 14, secure the plate
10 to bones or vertebrae. The arch of the plate 10 provides the
screws 12, 14 with an included angle p relative to one another
for securing to the vertebrae. The screws 12, 14 also are
preferably polyaxial relative to the plate, and the plate 10 1s
configured to provide such relative disposition. The arched
profile of the plate 10 assists to orient the screws 12, 14,
though the actual included angle 3 when the screws 12, 14 are
secured may significantly differ from the radius of curvature
of the plate 10 due to the polyaxial capability. The plate 10
may have a uniform thickness, or alternatively, it may have a
cross-sectional thickness that varies, specifically being thin-
ner 1n the region of screw holes 12, 14 provided for the screws
12, 14, and therebetween, and thicker 1n the region of the plate
10 periphery. In general, thickness of the plate preferably is to
be no greater than approximately 3 to 5 millimeters.

The plate 10 may have rounded corners 16 to reduce risk of
scarring or other complications due to contact between the
plate 10 and soft tissues, such as skin and fat and muscles,
particularly contact caused by movement of the person. For
these same reasons, the side edges 20 and the longitudinal
edges 21 of the plate 10 are rounded, as well.

As 1s known, 1n a bone gratt for spinal fusion, a spinal disc
1s removed from between vertebrae, and graft material 1s
inserted between the vertebrae. The plate 10 1s used to secure
the adjacent vertebrae and hold the grait material 1n place so
that the vertebrae and graft material fuse, or 1n the absence of
grait material, the vertebrae or other bones fuse. Alterna-
tively, a fractured or broken vertebra may be secured across
the fracture or break. In securing the vertebral sections, the
surgeon preferably can view the site of fusion while position-
ing the plate 10 over the fusion site during the implant pro-
cedure. Accordingly, the plate 10 1s provided with the gener-
ally rectangular window 18. In an alternative embodiment,
the window 18 may have a different configuration, such as a
circle or oval. As an additional alternative, the plate 10 may be
constructed as having a central portion with lateral cut-out
portions (not shown) so that the fusion site or seam can be
seen to the lateral sides (X direction). The interior edges of the
window 18 are rounded for the same safety reasons discussed
above regarding the side and longitudinal edges 20, 21 of the
plate 10.

Preferably, the screws 12, 14 are bone screws mounted
anteriorly or laterally in the vertebrae. The bores 32, 34 are
s1zed and shaped to allow the screws 12, 14 polyaxial move-
ment so that they can be oriented relative to the plate as
dictated by the structure of the vertebrae to effectively secure
into such vertebrae, or 1n the orientation preferred or deemed
proper by the surgeon. As illustrated, FIG. 3, for example,
depicts the screws 12, 14 at an orientation relative to the bone
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plate 10 defined by an included angle .alpha. between the
respective longitudinal axes 12a and 14a of the screws 12, 14.

As 1llustrated 1in FIGS. 8-13, the bone plate 10 includes
bores 32,34 or holes through which the screws 12, 14 are
inserted and extend therethrough. As can be seen, the bores
32, 34 are socket-configured and form a recess 36 opening
through the top 35 of the plate 10. The recess 36 enables the
head 50 of each screw 12, 14, and any associated screw lock
(such as collar 70, see below), to be counter-sunk in their
respective bore 32, 34 so that they do not protrude out from
the bores 32, 34 beyond the top of the plate 10 when properly
implanted and secured to a bone structure.

In a first set of bores 32, each has an elongated shape with
a major axis in the Y direction and a minor axis 1n the X
direction, with reference to the illustrated coordinate system.
Preferably, the bores of the first set 32 generally have two
straight side segments of congruent length and parallel to the
Y direction, which are joined by arcuate transitional segments
at the ends. Alternatively, the upper bores 32 may have
straight segments parallel to the X direction of the ends of the
bores 32 to join the straight sides parallel to the Y direction.
As a further alternative, the bores 32 may have a generally
oval perimeter shape.

When the plate 10 1s secured to bone structure, the shape of
the bores 32 permit the plate 10 and corresponding screws 12
to adjust slightly along the major axis relative to the plate 10.
For example, when a person fitted with the plate 10 at the
spine stands erect, the person’s weight (the force of gravity)
and normal movement of the body commonly compress the
vertebral sections to which the screws 12 and 14 are fastened.
To utilize this compressive force for improvement ol bone
fusion, the screws 12 and bone plate 10 are allowed to adjust
relative to one another at the bores of the first set in the vertical
direction relative to the person. This adjustability 1s referred
to as dynamization, and the screws are referred to as dynam-
1zed screw settings or anchors. The screws 32 closely match
and fit the bores 32 along the minor axis to prevent or mini-
mize any lateral motion of the plate 10 or bones relative to one
another.

The opposing set of screws 14 are secured 1n the second set
of bores 34. In the present embodiment, each bore 34 of the
second set has a generally circular perimeter shape so that the
screws 14 closely match and {it in the bores 34 in a manner
that prevents or minimizes motion of the plate 10 relative to
the bone structure mto which screws 14 are secured. In an
alternative embodiment, the screws 14 and bores 34 may also
be dynamized.

The number, combination and position of dynamized and
non-dynamized bores 1s not limited by the present invention.
For mstance, as 1llustrated 1n FIG. 16, a plate 100 1s depicted
with a pair of adjacent dynamized bores 132qa for a first bone
section, a pair of adjacent dynamized bores 1325 for a second
bone section, and a pair of non-dynamized bores 134 for a
third bone section. As an example of the use of plate 100, three
(or more) vertebrae may be secured 1n a larger spinal fusion
procedure, the results of which would benefit from gravita-
tional compression as discussed. Accordingly, dynamized
screws and bores 132a, 13256, 134 may be secured to a plu-
rality of vertically aligned bones such that each of the bones
and 1ts attendant screw may adjust towards the other bones.
By way of another example, as illustrated in FIG. 17, the
non-dynamized holes can be situated between the dynamized
holes. Furthermore, all of the holes can be dynamized or
non-dynamized. Other configurations are contemplated and
within the scope of embodiments of the present invention.

As 1llustrated 1n FIG. 8, the screws 12, 14 are generally
identical, and each includes a shank portion 40 and a head 50.
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The shank portion 40 1s generally threaded, such as with a
bone screw thread, so that 1t can be secured into a bone
structure when the screw 12, 14 1s turned into the bone struc-
ture. The profile of the shank portion 40 may have a variety of
configurations, as 1s known 1n the art, may be seli-tapping,
may be selif-drilling, and may be mserted nto a pre-tapped

hole 1n the bone.
In the 1llustrated embodiment of FIG. 8, the head 50 has a
partially spherical configuration at 1ts outer side surface 52.

The greatest diametral portion 34 of the head 50 1s located
between the top-most point 56 and the bottom-most point 58

of the head 50. The center of the head 50 defines a recessed

structure 60 for mating with a driving tool (not shown) for
driving the screws 12, 14 into the bones.

Each screw 12, 14 1s preterably coupled with a screw lock
such as collar 70, 1n the present embodiment. The screw lock
70 locks the screws 12, 14 into place with the bone plate 10 1n
order to prevent backing-out (either by rotation or thread
stripping) ol the screws 12, 14 and to secure the screws 1n their
desired orientation relative to the plate 10.

In the 1llustrated embodiment, the screw locks are collars
70 set into channels 74 (see FIGS. 8 and 9). As 1llustrated 1n
FIGS. 6 and 7, the collars 70 are preferably C-ring collars
with an mner surface 76. The collars 70 are substantially
located within the recess 36, as illustrated 1n FIG. 8. The
screw locks may be pre-set or pre-inserted so that, in the
operating environment, the surgeon need only handle the
plate 10 and the included screw locks as a single pre-as-
sembled 1tem. The mnner surface 76 1s preferably shaped to
conform to the above-described partially spherical outer pro-
file of the head 50 of the screws 12, 14. This enables the inner
surface 76 to tightly engage and clamp against the outer
surtace 52 of the head 50 of the screw for locking the screw.
This maximizes the contacting surface area between the col-
lar 70 and screw heads 50 to enhance friction therebetween
for rotation resistance. This also minimizes potential damage
to the collar 70 and head 50 which could result 1n a less secure
lock between the collar 70 and the head 50 and minimizes
potential for shearing of pieces of the plate system that would
contaminate the tissue environment.

As 1llustrated 1n FIG. 8, at least a portion of the partially
spherical outer surface 52 engages the collar 70 and a lower
portion of the bores 32, 34 of the plate 10. It 1s preferred that
any portions of the plate 10 and collar 70 which contact the
screw 12, 14 be closely mated to form a generally continuous
contoured contact surface corresponding to the partially
spherical outer surface 52. For example, as illustrated, the
partially spherical surface 52 of the screw head 50 1s con-
toured to generally correspond to the inner contour 32a of the
bore 32 and the 1inner contour or surface 76 of the collar 70,
when 1n a locked position. The same corresponding surface
engagement 1s preferably with screws 14 and bore 34 and 1ts
locking collar 70, as well. However, 1t should be appreciated
that, the head 50 and corresponding collar 70 of a screw set for
dynamization, such as screw 12, does not necessarily have a
tull circumierence of contact with the bore 32 as the major
axis direction of the bore 32 provides for relative movement
therealong. However, where there 1s contact between the bore
32 and the screw 12 and locking collar 70, a generally close
mating of the contours is preferred, including when the screw
12 has been displaced to and 1s abutting the lower-most por-
tion of the bore 32.

Alternatively, the bores 32, 34 of the plate 10 may be
shaped such that the head 50 abuts only the collar 70. For
instance, the collar 70 may extend the axial length of head 50,
may extend the axial length of the interior of the bores 32, 34,
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and/or may simply be utilized such that a gap (not repre-
sented) exists between the head 50 and the plate 10.

With reference to FIGS. 6 and 8, the inner surtace 76 of the
collar 70 has an arcuate profile for mating with the partially
spherical outer profile of the head 50 of the screws 12, 14. In
its natural state, the iner surface 76 has a top lip or edge 80
and a bottom lip or edge 81 where the inner diameter of the
collar 70 at the both the top edge 80 and bottom edge 81 1s
smaller than the largest diametral annular portion 34 of the
head 50. As the screw 12, 14 1s driven into the bone, the outer
surface of the head 50 forces the C-ring collar 70 to expand to
permit ingress of the head 50, particularly the largest diame-
tral portion 54 of the head 50, into the collar 70 by forcing
against the top edge 80. Once the annular portion 54 of the
head S0 passes into the annular plane of the collar 70, the
collar 70 then elastically contracts. This provides a “snap-in”
like property to the screws 12, 14 and collars 70. In order to
prevent the head 50 of the screws 12, 14 1n the collar 70 from
forcing open the collar 70 at the bottom edge 81, a recess cup
83 1s provided for each bore 32, 34 and correspondingly
shaped to the bore 32, 34 such that the recess cup 83 interferes
with continued translation of the screws 12, 14 through the
bores. Alternatively, the collar 70 may permit the screw head
50 to be mserted therein without expanding.

During procedures, a surgeon would align the plate 10,
including pre-set collars 70, using the window 18 with the
fusion site. Screws 12, 14 would be turned into the bone
structure using a proper technique, which includes, for
instance, using a pilot hole, a pre-tapped hole, or self-tapping
bone screw. As the screws 12, 14 are seated 1n the collars 70,
the collars 70 can be held against rotation as the screw head
portion 54 passes through edge 80 of the collar 70 causing the
collar 70 to expand to permit the head 50 to seat within the
collar 70. The surgeon continues to turn one of the screws 12,
14 until the screw 1s generally seated. Then, the surgeon turns
the collars 70 to lock the screws and specifically the heads
thereol 1n the bores 32, 34 of the plate 10.

It should be noted that, during driving of the screws 12, 14,
the friction of the screw 12, 14 against the collar 70 may
provide a rotational force to the collar 70. It 1s preferred that
the collar 70 1s permitted to rotate only slightly, and more
preferably, 1t 1s generally not permitted to rotate unless locked
by the surgeon. In some cases, it may be necessary to utilize
a tool to restrain the movement of the collar 70 until an
appropriate time for locking the collars 70. Alternatively, the
collar 70 may be restrained from rotating until the screw 12,
14 1s nearly seated, at which point the final turning of the
screw 12, 14 also rotates and locks the collar 70.

A tool for controlling the rotational movement of the collar
70 1s preferably provided as part of the bone plate system. A
simple tool (not shown) could be utilized for controlling this
movement. The tool would, in the present environment, be
designed to mate with notches 86 (see FIG. 6) in the collar 70.
The tool and collar 70 would be made of suificient material
and with hardness properties so as not to be susceptible of
breaking or losing pieces due to forces being applied so that
no foreign matter would be dispensed 1nto the tissue environ-
ment. Alternatively, other configurations could be utilized for
mating the tool to the collar 70. The collars 70 are locked, as
described herein, by rotating the collar 70 once the screws 12,
14 have been set to a sullicient torque in the bone and to secure
the plate 10. The friction generated between the collar 70, the
screws 12, 14 , and the plate 10 should not cause any portion
ol any these to shear away and become debris 1n the tissue
environment.

As an alternative, the tool (not shown) may include features
to combine driving the screws 12, 14 and controlling and
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locking the collar 70. More specifically, for imnstance, the tool
may have a central driving portion for mating with the head 50
of the screws 12, 14 and have an outer sheath for mating with
the collar 70. As the central portion 1s rotated, the outer sheath
may be held 1n place to restrain the collar 70 against rotation.
Once the central portion has driven the screw 12, 14 | to 1ts
desired torque, the outer sheath may be rotated to turn and
lock the collar 70. The outer sheath may include a handle or
gr1p for controlling 1ts operation.

As alternative, the screws 12, 14 may have the screw lock,
such as the collar 70, pre-set or attached to the screw 12, 14 (as
opposed to pre-set 1n the plate 10). As described above, the
inner surface 76 of the collar 70 has upper and lower edges 80,
81 smaller 1n diameter than the largest diametral annular
portion 54 of the head, and the screw 12, 14 1s mated accord-
ingly within the collar 70. For this alternative, a surgeon may
position the plate 10 1n the desired position, and turn the
screws 12, 14, including the collar 70, 1into the bones. As the
collar 70 reaches the plate 10, the collar 70 may simply move
into the top portion of the bore 32, 34 or be compressed in the
radial direction in order to fit within the bore 32, 34. Once the
collar 70 reaches the channel 74, the collar 70 should expand
to fit 1n the channel 74 and be secure against unintentional
axial movement. The inner diameter of the bore 32, 34 in the
annular area immediately above the channel 74 1n the axial
direction may have a larger diameter than the diameter 1n the
annular area immediately below the channel 74 so that the
collar 70 being inserted does not pass by the channel 74. In
any event, the annular lip surrounding the entrance into the
bores can be rounded or tapered to assist in the insertion of the
collar into the bores.

As 1llustrated, the preferred collar 70 has a C-ring configu-
ration with a gap 90 between opposing ends 91a and 915 of
arcuate arm portions 70a and 705 of the collar 70. The spaced
ends are such that i the locked position they are moved
toward each other and the arm portions are clamped tightly
against the screw head, whereas 1n the unlocked position the
c-collar 1s allowed to shiit back toward 1ts relaxed configura-
tion with the arm ends moving apart. The outermost edges 92
adjacent the gap 90 preferably are configured so as to mini-
mize hang-ups or digging into the plate 10 when rotated. In
one embodiment, the edges 92 may be of slightly reduced
diameter as by being beveled or rounded 1nwardly to prevent
contact with the plate 10.

The preferred collar 70 has an annular step construction
with a lower step portion 108 with an outer diameter that 1s
greater than an outer diameter of an upper step portion 112.
The step portions 108 and 112 have continuous mner diame-
tral surfaces that are flush with each other at the collar to form
the 1nner surface 76 that mates with the head 50 of the screw.
This allows the step portion 108 of each collar to seat within
the channel 74 and also permits enhancement of the area of
the mner arcuate surface 76 which abuts the head 50 of the
inserted screws 12, 14 for constraining and securing the screw
12, 14. It also provides the collar 70 with sufficient axial
length so that the above-described top portion 80 extends
above the greatest diametral portion 54 of the screw head 50.

A camming action locks the collar 70 within the channel
74. In a preferred form, the channel 74 has an arcuate circum-
ferential inner surface 75, which may be non-uniform. The
collar 70 also may have a varying outer diameter, such as

depicted in FIGS. 7 and 18, formed by the lower step portion
108. The collar 70 may be rotated in order to compress the

collar 70 within the channel 74 until reaching a locked posi-

tion. The locked position may be defined by having a bump or
boss within the channel beyond which the collar 70 may not
rotate, or beyond which the collar 70 must rotate 1n order to be
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in a lock position but which restricts return (unlock) rotation.
In addition, as depicted in FIGS. 7 and 18, the lock position
may be defined by a flat 106 or 206 of the lower step portion
mating with a flat 110 1n the channel 74.

As 1llustrated 1n FIG. 7, the lower step 108 of the collar 70
has a first diametral dimension L1 and a second diametral
dimension .2 wherein the dimension L1 1s aligned with the Y
(vertical) direction and dimension L2 1s aligned with the X
(horizontal) direction, as set by the illustrated coordinate
system. In the present depiction, the gap 90 1s aligned with
dimension 1. However, 1t 1s preferred that the gap 90 1s not
positioned so as to bind with the inner surface of the channel
74 1n the open or locked positions, instead being Va.p1. radians
displaced (clockwise) from the illustrated position at the L1
dimension, which 1s depicted 1n FIG. 18.

In FIG. 7, the collar 70 1s oriented 1n a locked position with
respect to the 1llustrated coordinate system. That 1s, the larger
dimension L2 (versus 1) 1s oriented along the X axis. The
screws 12, 14 are driven into the bone structure when the
collar 70 1s 1n an unlocked position, and the unlocked position
of the collar 70 requires a quarter-turn (x4 radians) fromthe
depiction of FIG. 7 so that the larger dimension 1.2 of the
collar 70 1s oriented along the Y axis. When the collar 70 1s
locked, the larger dimension L2 1s brought to bear against the
channel 74 on the interior of the bore. In order to secure the
collar 70 once the screws 12, 14 are driven, the collar 70 1s
rotated a quarter-turn clockwise (V2m radians) from the
unlocked position. When rotating the collar 70 with a screw
12, 14 therein, care should be taken that the screw 12, 14 1s not
turther rotated simultaneously, as such may be over-tighten-
ing of the screw 12, 14. As an alternative, the collar 70 and
plate 10 may be configured so that the collar 1s locked by
being rotated counter-clockwise (1.e., —%2m radians), 1n which
case the screw 12, 14 should be held 1n place so as to prevent
loosening due to the rotation of the collar 70. In such an
instance, the direction of screw back out (counter-clockwise)
1s 1n the direction of locking the collar 70.

As 1llustrated 1n FIGS. 7 and 18, the outer periphery of the
lower step portion 108 of the collar 70 has a non-circular
arcuate shape forming a camming surtace for the collar 70. As
the collar 70 1s rotated, a camming action compresses the
collar 70 against an interior surface of the channel 74 until the
collar 70 reaches the secure or locked position when flats 106,
206 abut similarly contoured portions or flats 110 of the
channel 74. Once secured, the collar 70 would have to be
rotated 1n an opposite direction 1n order to undo and release
the cam lock engagement to unlock the collar 70 and free the
screw for intentional removal. Because of the flats 106, 206,
a surgeon would have to deliberately use the tool to rotate the
collar 70. As long as the collar 70 1s locked, the screws 12, 14
are unable to rotate or change their orientation relative to the
plate, and are unable to back-out of the bone structure.

In the preferred embodiment, a portion of the channel 74
includes a corresponding cam surface for cooperating with
the cam surface on the collar 70. For example, in order for the
collar 70 and the channel 74 to cam against each other, each
will have a non-uniform outer dimension. Accordingly, the
collar 70 has a non-uniform outer diameter with the largest
diameters G at the terminal points of the flats 106, 206. (See
FIGS. 7 and 18). As has been discussed, the dynamized bore
32 has a major axis providing for translation of the collar 70
therewithin. For the non-dynamized bore 34, the channel 74
has a non-uniform dimension, such as slightly oval or ellip-
tical with major and minor axes, and has two flat portions 110
located within the channel 74 and oriented for camming
against the non-uniform outer periphery of the collar 70. In
the depicted embodiment, the channel 74 of the non-dynam-
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1zed bore 34 has major and minor axes oriented along the Y
and X axes, respectively, corresponding to the illustrated
coordinate system.

With reference to figs. 11 and 21, in an unlocked state, the
flats 106 of the collar 70 should be aligned with the Y axis (or
at least, not aligned with the tlats 110 of the channel 74, which
are 1n the X direction). The channel 74 1s sized such that the
largest portion 34 of the head 50 of the screw 14 may enter the
annular top 80 of the collar 70 causing expansion of the collar
70. Once the screw 14 1s seated 1n the collar 70, the collar 70
1s rotated to move the flats 106 1n alignment with the flat
portions 110 of the channel 74. In doing so, the diameters G
and the flats 106 of the collar 70 rotate from the Y direction to
the X direction, thereby camming 1nto position where the flats
106 and flats 110 of the collar 70 and channel 74, respectively,
are 1n engagement.

In FIG. 21, the plate 10 has a pair of dynamized bores 32
and non-dynamized bores 34 with screw lock collars 70
therein. Though the preferred plate 10 1s curved, as discussed
above, FI1G. 21 shows a cross-section of the plate 10 1n a flat
plan view for simplicity. Each bore 32, 34 preferably includes
the channel 74 for recerving the lower step portion 108 of the
collar 70, and FIG. 21 depicts a cross-section of the plate 10
taken through the channel 74. With reference to the illustrated
coordinate system, in the present embodiment, the channels
74 have a major axis along the Y axis and a minor axis along
the X axis. It should be noted that the collar 70 utilized with
cach of the bores 32, 34 1s substantially i1dentical, and the
minor axis of the channels 74 have approximately the same
dimension. However, as the bore 32 provides for dynamiza-
tion, the channel 74 for the dynamized bore 32 has a greater
major axis than the channel 74 for the non-dynamized, fixed
bore 34.

Screw lock collars 70 1n bores 324, 34q are 1n an unlocked
position for receving a screw, while the collars 70 1n bores
32b, 34H are 1n a locked position for generally preventing
movement of the screw relative to the collars 70. In the
unlocked position, the tlats 106 of the collars 70 are generally
aligned along the Y axis so that the collar 70 1s unlocked and
the gap 90 1s open. When the collar 70 moves to the locked
position, the collar 70 1s rotated so that the lower step portion
108 contact and cam against the flats 110 of the channel 74
until the flats 106 abut the flats 110 of the channel 74. Fur-
thermore, locking the collar 70 causes the gap 90 to narrow.

The collar 70 locks by clamping against the head 50 of the
screws 12, 14 1n aradial direction 1n a plane orthogonal to the
longitudinal axis of the screws 12, 14, and extends above and
below the greatest diametral portion 54 of the head 50. Con-
sequently, the collar 70 serves to secure the screws 12, 14
relative to the plate 10.

In further embodiments of the collar 70, such as illustrated
in FIGS. 19 and 20, the circumferential inner surface 75 of the
channel 74 may be of uniform diameter (see FIG. 8). In one
form, the height of the channel 74 may be uniform and the
height of the lower step portion 208 varied. The step portion
208 has a cam surface as either a ramp or an arcuate surface 77
that leads to a flat or a valley or to a bump or boss for
restricting return rotation. In another form, the height of the
channel 74 may have a corresponding cam surface that mates
with the above described cam surface 77 of the step portion
208.

As discussed earlier, the dynamized screws 12 are inserted
in dynamized bores 32. That 1s, the bores 32 generally have
major and minor axes to allow the compressive force of
gravity to shorten the distance between the screws 12 1n one
bone or vertebra and the screws 14 1n another bone or verte-
bra. Accordingly, the elongated channels 74 providing for the
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vertical movement of the dynamized screws 12 also allow the
locked collar 70 to move therewith. Therefore, the geometry
of the channels 74 that are provided for non-dynamized
screws 14 1s generally replicated but with a greater vertical (Y
direction) length provided for the elongated channels 74 of
the dynamized screws 12. Therefore, the same camming
action 1s provided for the collars 74 of the screws 12 and
screws 14 while also providing dynamization. In order to
permit the proper motion of dynamization without affecting,
the tightened screws, the mating surfaces between the collars
70 and the screws 12 are provided with a greater coetlicient of
triction (and concomitant greater frictional force) than are the
mating surfaces of the collar 70 and plate 10. Thus, the collar
70 may slide against the plate 10 as the screws compress, but
the collar 70 does not rotate relative to the screws 12, 14.

As also discussed above, the movement of the dynamized
screws 12 1n the dynamized bores 32 should not affect the
orientation of the screws 12 relative to the plate 10. That 1s,
when vertebral sections compress, these sections should do so
generally linearly along the spine. I the compression 1s not
linear, the vertebral sections will move out of proper align-
ment, which can lead to undesired pressure on the nervous
system portion of the spinal column, with uneven pressure on
the end plates of the vertebral sections themselves, with incor-
rect healing by graft material, and with pressure on the plate
10 and the screws 12, 14 themselves. The screws 12, 14 used
herein are preferably polyaxial, the shank 40 of each having a
diameter smaller than the diameter of the head 50. Without
locking the polyaxial screw 1n 1ts proper orientation once
driven, the polyaxial screw would be permitted to change 1ts
orientation relative to the plate when allowed to move 1n a
dynamized hole. Accordingly, the screw locks, such as the
collar 70, allows the polyaxial screws to be driven 1n a desired
orientation relative to the plate, and then to be locked in that
orientation by locking the screw locks 70. As the screw locks
for the dynamized bores follow a precise linear path, the
orientation of the locked dynamized screws 1s not altered
when the vertebral sections compress.

In order to simplily the procedure for the surgeon, it 1s
preferred to provide assistance to the surgeon in rotating the
collar 70 the proper amount. As stated above, the gap 96 1s
oriented Yam radians from that depicted in FIG. 7. However, 1n
an alternative embodiment, the gap 96 may be utilized as
depicted so that a surgeon may visually identify when the gap
96 15 aligned and, thus, recognize the proper amount of rota-
tion of the collar 70 itself. As another alternative, there may be
a stop or bump (not shown) or other feature provided within or
in dose proximity to the channel or elsewhere that prevents
over-rotation of the collar 70. If the surgeon were to over-
rotate the collar 70, the collar 70 (and, hence, the screw 12,
14) would not be 1n the preferred, secured position.

The configuration of the embodiment as depicted 1s simply
one configuration, specifically a configuration for two verte-
brae during a vertebral fusion operation. However, other con-
figurations maybe utilized for the plate 10 such as in the
contour (arched profile 1n the Z direction), and the number of
screws and bores. The plate 10 may also be configured for
securing any number of bones, such as three vertebrae or
multiple fracture portions of a large bone such as the femur.
Dynamization may be omitted in the case where gravitational
compression 1s not available. Forms of the plate 10 may be
utilized with compression screw slots or holes. As another
alternative, dynamization may be utilized where a secondary
or external means of compression once the screws are driven,
for instance before the collars are locked. The maternial used
tor the plate should be bio-compatible for implantation, and 1t
1s preferred that the material of the plate 10 1s as radiolucent
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as possible, such as a titanium-based material, so that X-rays
may be utilized to provide a doctor or medical personnel with
the ability to see the fusion site without the plate 10 obscuring
or hiding the view. As a further alternative, the collar 70 may
include a groove or recess for receiving a protrusion or ramp
or cam located on the interior surface of the collar bores such
that the collar 70 and bores are 1n a camming engagement for
compressing the head of the bone screws 12, 14.

While the invention has been described with respect to
specific examples including presently preferred modes of
carrying out the mnvention, those skilled 1n the art will appre-
ciate that there are numerous variations and permutations of
the above described systems and techmques that fall within
the spirit and scope of the mvention.

The mvention claimed 1s:

1. A device for stabilization of adjacent vertebrae of a
spine, the device comprising;

a bone plate;

a plurality of bores 1n the bone plate;

a bone anchor configured for extending through one of the

bores;

a head of the bone anchor having a spherical outer surface
and a shank depending from the head;

a pair of spaced, flat portions of the one bore that extend
substantially parallel to one another and which are
spaced by a predetermined fixed distance;

a rotary anchor lock collar member extending about a
central axis for being rotatably received 1n the one bore;

a curved inner surface of the rotary anchor lock collar
member adapted to engage the spherical outer surface of
the head of the bone anchor to permit the bone anchor to
be rotationally driven through the one bore along one of
a plurality of different driving axes that are transverse to
the central axis and 1nto a vertebral bone;

an upper portion of the rotary anchor lock collar member
having notches spaced circumierentially thereabout for
receiving a driving tool therein to rotate the rotary
anchor lock collar member 1n the one bore;

a lower portion of the rotary anchor lock collar member
having a split-ring construction so that the anchor lock
lower portion has facing circumierential ends that are
spaced apart from one another by a gap therebetween;

a larger dimension and a smaller dimension of the rotary
anchor lock lower portion having respective axes that
extend through the center of the split ring rotary anchor
lock collar member substantially orthogonal to each
other with the larger dimension being greater than the
predetermined fixed distance and the smaller dimension
being less than the predetermined fixed distance; and

cooperating 1mner and outer surfaces of the one bore flat
portions and the anchor lock lower portion respectively,
which cause the facing ends to shift toward each other
with approximately ninety degrees of rotation of the
anchor lock collar member, after the bone anchor has
been driven through the one bore and into the vertebral
bone, so that rotation of the rotary anchor lock collar
member 1s independent from the rotational driving of the

bone anchor with the rotating anchor lock collar member
being rotated from an open, bone anchor recerving con-
figuration with the larger dimension axis oriented to be
substantially parallel to the bore flat portions to a
clamped, bone anchor locking configuration with the
larger dimension axis oriented to be substantially per-
pendicular to the bore flat portions to cause the facing
ends to shift toward each other to reduce the size of the
gap therebetween so that the bone anchor extending
through the one bore and the rotary anchor lock collar
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member therein 1s locked 1n the one bore against back
out therefrom and against polyaxial movement relative
to the bone plate and the rotary anchor lock collar mem-
ber.

2. The device of claim 1 wherein the rotary anchor lock
lower portion includes two substantially flat surfaces that are
diametrically opposed to one another along the larger dimen-
sion axis and each abut a bore flat portion when the rotary
anchor lock collar member 1s 1n the clamped, bone anchor
locking configuration to resist anchor lock rotation away from
the bone anchor locking configuration.

3. The device of claim 2 wherein each substantially flat
surface 1s adjacent an anchor lock camming surface so that
when the rotary anchor lock collar member 1s rotated between
the bone anchor receiving and locking configurations, the
transition between the anchor lock camming surfaces cam-
ming against the bore flat portions and the anchor lock sub-
stantially flat surfaces abutting the bore flat portions provides
tactile feedback to a surgeon that the anchor lock has been
shifted to the locking configuration.

4. The device of claim 1 wherein the facing circumierential
ends are oriented on the rotary anchor lock collar member 1n
a position that generally avoids contact with the bore flat
portions so as to minimize hang-ups when the anchor lock 1s
rotated between bone anchor receiving and locking configu-
rations.

5. The device of claim 1 wherein the gap 1s positioned 1n a
predetermined location when the anchor lock collar member
1s shifted to the bone anchor locking configuration to allow a
surgeon to visually recognize when the anchor lock has been
rotated to the locking configuration.

6. The device of claim 1 wherein the bone plate 1s one of a
titanium, stainless steel, and PEEK material.

7. A device for stabilization of adjacent vertebrae of a
spine, the device comprising:

a bone plate;

a plurality of bores 1n the bone plate configured to each

receive a bone screw extending therethrough;

at least one of the bores being a dynamized bore having an
clongate configuration to allow a bone screw extending,
therethrough and into a vertebral bone to shift relative to
the bone plate;

a pair of opposed flat portions of the dynamized bore which
extend along the length thereof;

a screw lock member configured to be rotatably recerved in
the dynamized bore for being rotated between a screw
receiving unlocked configuration and a screw locking
configuration;

a pair ol diametrically opposed outer flats of the screw lock
member which have a planar configuration, the flats
facing radially outward from the screw lock member and
extending parallel to one another; and

a substantially smooth inner surface of the screw lock
member having an inner diameter sized in clearance
with the bone screw when in the screw receiving
unlocked configuration, wherein rotation of the screw
lock member to the screw locking configuration brings
the flats into confronting relation with the opposed bore
flat portions which substantially uniformly reduces the
inner diameter 1n size so that the smooth nner surface
provides a uniform clamping force about the bone screw
and the flats are configured to slide along the bore flat
portions to permit relative translation of the bone screw
and the screw lock member 1n the dynamized bore while
the confronting engagement of the flats of the screw lock
member against the flat portions of the dynamized bore
avoids turning of the screw lock member of the dynam-
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1zed bore as the screw lock member slides along the bore
flat portions to keep the screw lock member in the screw
locking configuration for resisting back out of the bone
screw from the dynamized bore.

8. The device of claim 7 wherein the rotatable screw lock
member has a larger dimension and a smaller dimension, the
larger dimension being brought to bear against the bore flat
portions upon rotation of the screw lock member from the
screw receiving configuration to the screw locking configu-
ration which shortens the larger dimension and causes the
screw lock member to constrict about the bone screw.

9. The device of claim 8 wherein the dynamized bore has
both minor and major axes and the larger dimension of the
screw lock member 15 aligned with the major axis of the bore
when the screw lock member 1s 1n the screw recerving con-
figuration and the minor axis when the screw lock member 1s
in the screw locking configuration.

10. The device of claim 8 wherein the substantially smooth
inner surface of the screw lock member conforms to a corre-
sponding surface on the bone screw, the screw lock member
inner surface and the corresponding surface on the bone
screw having a greater coellicient of friction than a coellicient
of friction between the tlats of the screw lock member and the
bore flat portions to permit dynamization of the rotatable
screw lock member within the bore without loosening
engagement of the screw lock member about the bone screw.

11. The device of claim 7 wherein the screw lock member
includes outer curved surfaces and junctures between the
curved surfaces and the flats, the junctures being diametri-
cally opposed across the screw lock member with the largest
diameter of the screw lock member being between the dia-
metrically opposed junctures.

12. A bone plate system for securing a plurality of bones 1n
a desired alignment, the bone plate system comprising:

a bone plate having a top surface and a bottom surface;
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a plurality of bores extending through the plate which
receive bone anchors for securing the plate to the plu-
rality of bones;

a channel of one of the bores, the channel being located
between the top and bottom surfaces of the plate and
having upper and lower surfaces extending radially out-
ward from the bore;

a split nng locking collar configured for being rotatably
recerved 1n the one bore;

a radially outer step portion of the locking collar having a
thicker portion and a thinner portion extending about the
circumierence of the step portion, the thicker portion
being continuous about the circumierence and the thin-
ner portion being interrupted by the split in the split ring
locking collar; and

an upwardly facing cam surface extending between the
thicker and thinner portions of the locking collar step
portion configured for camming against the channel
upper surface so that rotation of the locking collar
toward a locked configuration thereof brings the locking
collar cam surface into engagement with the channel
upper surface which causes a tight wedge fit of the step
portion thicker portion 1n the channel to avoid reverse
rotation back toward an unlocked configuration of the
collar 1n the bore.

13. The bone plate system of claim 12 wherein the
upwardly facing cam surface of the locking collar 1s a ramp
disposed between the thicker and thinner portions of the
locking collar.

14. The bone plate system of claim 12 wherein the thicker
portion of the locking collar has a projection that mates with
the channel upper surface to restrict return rotation of the
locking collar.
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